連鎖的な権利行使構造を持つ複合リアル・オプションの評価法 : 一般化相補性問題アプローチ (不確実性科学と意思決定の数理と応用) by 長江, 剛志
Title
連鎖的な権利行使構造を持つ複合リアル・オプションの
評価法 : 一般化相補性問題アプローチ (不確実性科学と意
思決定の数理と応用)
Author(s)長江, 剛志















( , ) , .
, , ,
. , ,
. , (i.e., ) ,
, , ,
( ). , ,




, ( ) ,
( , Dixit and Pindyck, 1994; Schwartz and Trigeorgis,
2001). , . ,
,




, 4 :1) ,
, . ,
;2) , ,
(i.e. ) ; 3) - , 2
; 4) , , .
, 1) , Margrabe(1978) ,
Stulz(1982) / . , , ,
, .
, 2) , Dixit(1989), Dixit and Pindyck(1994,
Chap 7) . , 3) n
. , Dixit and Pindyck(1994, Chap 7) .
. , 2), 3) , , , , value
matching smooth pasting . ,
(e.g. , Bn$\mathrm{w}\mathrm{n}$ )
, . , , ,
, .
, 4) , Geske(1979)
1457 2005 262-269
283
. , , .
, . ,
, Dixit and Pindyck(1994, Chap 10) , Trigeorgis(1991,
1993) . , , , ,
, . , ,
,
Brown , .
, $1$ ) $\sim 4$) , , ,
. , ,
.
, Kulatilaka(1995) , , “
” , ,
. , . ,
, (i.e.
) . , , 3 . 1 ,
, . 2 ,
, . ,




. , 1 , ,
( , ) ,
. 2 , , 2
. , ,
1 . 3 , ,
,
(GLCP: Generalized Linear Complementarity Probtem) .
, . , Nagae and
Akamatsu(2005) sub-procedure ( ) . , ,
Nagae and Akamatsu(2005) , , ,
. , .
. , 2 . ,
. 3, 4 ,
. , 3 , ,
GLCP . 4 , GLCP , .
, 5 ,





, , “ ” ,
( 1) . , ,
. , ,




, , 1 .
, $\mathrm{W}$ $\mathrm{X}$ “ ”




, (i.e. ) , $\mathrm{W}arrow \mathrm{X}$ . ,
, “ ” . ,
$N$, $L$ ,
$g(N,L)$ . , $\mathcal{G}(N,L)$ “ ” .
, , 3
:a) , “ ” .
, , . 1
, $\mathrm{C}1arrow[egg2]$ $[egg1]arrow[egg2]$ ;b) ,
“ ” . , ,
. 1 , 2 $[egg2]arrow[egg2]$
$[egg2]arrow[egg2]$ ;c) ,
, “ ” , ,
. 1 , $[egg2]arrow[egg2]$ $[egg2]arrow[egg2]$
.
, $n$ ( ) , $n$
“ ( )” , $O(n)\equiv\{m|\exists(n, m)\in L\}$ . , $n$
$I(n)\equiv\{m|\exists(m, n)\in L\}$ . , $\mathcal{G}$
, $\mathcal{G}$ “ ” , $N^{\mathrm{E}}\equiv\{n|O(n)=\emptyset\}$ .
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265
, $n(t)$ , $t$ . , :
[P] $\mathrm{H}^{\mathcal{J}(0}$ , $T,$ $n())|P(0)=P]$
, $J(t, T,n(\cdot))$ , $\{n(\cdot)\}$ $[t, T]$ .
$t$ NPV , .
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$(t,P, n)$ $m_{n}^{*}(t, P)$ , $\mathrm{i}$), $\mathrm{i}\mathrm{i}$ )
.
, (t, $n$) $[t, t+\mathrm{d}t]$ $n$ (i.e. $m_{n}^{*}(t,P)=n$) ,
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$V_{n}(t,P)\geq\pi_{n}(t, P)\mathrm{d}t+e^{-r\mathrm{d}t}\mathrm{E}[V_{n}(t,P)+\mathrm{d}V_{n}(t, P)|P(t)=P]$ (8)
, $(t, P)$ .
$F_{n}(t,P)\equiv-\angle_{n}V_{n}(t,P)-\pi_{n}(t,P)\geq 0$ (9)
, $(t,P,n)$ , ,
.
$V_{n}(t,P) \geq\max_{m\in O(n\rangle}.\{V_{m}(t,P)-C_{n,m}\}$. (10)
(10) , .
$\min.\{G_{n.m}(t, P)\}\geq 0$, $G_{n,m}(t, P)\equiv V_{n}(t, P)-V_{m}(t, P)+C_{n,m},$ $\forall(n, m)\in L$ . (11)
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, . , $t\in[0, T]$ ,
267
(12), (13) $n\in N$ $P\in R$
.




, [P] , [GLCP(t)]
. [GLCP(t)] , ,
. , [GLCP(t)] , ,
, , .
. , $\mathcal{G}(N,L)$
, . , ,
. , Akamatsu and Nagae(2005) .
$\mathcal{G}(N, L)$ , [GLCP(t)] ,
. , $t$ ,
(7) , . , 4a)
, $[egg4]$ , , .
a) b) 3 $\mathrm{c}\rangle$ 2 d) $\mathrm{I}$
4
, $t$ , , $\mathrm{t}\backslash$ ,
. ,
$n$ , $V_{n}(t)\equiv\{V_{n}(t,P)|\forall P\in R\}$ , $n$






4 , { $[egg2],$ $[egg4]$ , O5} $[egg2]$ ,
4c) . , $[egg2],$ $[egg2]$ 4
$\backslash$ ,
$[egg1]$ ( 4 $\mathrm{d}$)$)$ .
, $t$ $\hat{N}$ , $O(n)\subseteq\hat{N}$
$n$ , . , :i) $O(n)\subseteq\hat{N}$ $n$ ,
$\mathrm{i}\mathrm{i}$)
$V_{n}(t)$ , $n$ : ,
.
, $\mathrm{i}\mathrm{i}$) , , GLCP
[GLCP(t)-n] Find $V_{n}(t)$ such ffiat $\min.\{F_{n}(t,P)$, rnin. $G_{n.m}(t,P)\}=0,\forall P\in R$.
$m\in O(n\}$




GLCP(t)-n] , $n$ (12) . ,




, [P] . , 5.1
. , 52 , [GLCP] , 3\sim 5
, , NCP 4
51
$[P_{\min},P_{\max}]\in R$ , $\equiv\{(t,P)|t\in[0, T], P\in R\}$
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$\gamma\equiv\{(\mathrm{i},J)|\forall \mathrm{i}\in I, \forall j\in J\}$ (14)
$(t^{i}, P^{j})\equiv(i\Delta T,j\Delta P+P_{\min})$ . , $I\equiv\{0,1, \cdots, \mathrm{I}\},$ $J\equiv\{0,1, \cdots, \mathrm{J}, \mathrm{J}+1\}$ ,
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, $f:K’arrow R$ , $\gamma$ $(i,j)$ , $\dot{f}^{\dot{d}}\equiv f(t^{i}, P^{j})$ .
, $\mathrm{i}$ # $\dot{f}\equiv\{f_{n’}^{1}, \cdots,f_{n’}^{\mathrm{J}}\}$ . , (7)
$\mathcal{L}_{n}$ ,
$\mathcal{L}_{n}V_{n}(j,P^{j})\approx L_{n}^{i}V_{n}^{i}+\dot{M}_{n}V_{n}^{i+1}$ (15)
. , $L_{n}^{i},\dot{M}_{l}$, , (7) $\mathcal{L}_{n}$
$\mathrm{J}\mathrm{x}\mathrm{J}$ .
52
, [GLCP(t)] , $\dot{V}\equiv\{V_{n}^{j}|\forall n\in N\}$
GLCP
[GLCP’] Find $V^{i}$ such that $\min.\{F_{n}(V^{i}),\min_{m\in O(n)}.G_{n,m}^{i}(V^{i})\}=0$ , $\forall n\in N$,
. ,
Fn.(\mbox{\boldmath $\nu$}n.)\equiv -L - l- n.n Gni,m( $\equiv$ $-V_{m}^{i}$ $+1C_{n.m}$ (16)
$\mathrm{i}$
$[\mathrm{G}\mathrm{L}\mathrm{C}\mathrm{P}^{i}]$ , $\mathrm{i}+1$ $V^{i+1}$ , $V^{i}$
. , $i=\mathrm{I}$ , (13)
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$V_{n}^{\mathrm{I}}= \max.[\Pi_{n},\max_{m\in O\langle n)}.$
$\{\nu_{m}^{\mathrm{J}}-1C_{n,m}\}],$ $\forall n\in N$. (17)
, [GLCP] , (17) $V^{\mathrm{I}}$ ,
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$[\mathrm{G}\mathrm{L}\mathrm{C}\mathrm{P}^{i}]$ , 4 , GLCP
. , , $[\mathrm{G}\mathrm{L}\mathrm{C}\mathrm{P}^{i}]$ ,
$[\mathrm{G}\mathrm{L}\mathrm{C}\mathrm{P}^{i}- n]$ Find $V_{n}^{i}$ such that $\min.\{\dot{F}_{n}(V^{i}),$ $\min$. $G_{n,m}^{i}(V^{i})\}=0$ . (18)
$m\in O(n\rangle$
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